Abstract. The exponential growth of the information technology (IT) industry in India has been accompanied with a substantial increase in the reporting of work-related musculoskeletal disorders (WMSDs). The purpose of the current study was to identify and assess the contributions of prevalent psychosocial factors on perceived WMSD outcomes among IT professionals from India. About 77 IT professionals from India completed a survey set consisting of 26 question items from the Job Content Questionnaire and 3 separate question items pertaining to WMSD outcomes (pain/discomfort and psychological stress scores). The findings suggest prevalence of existing pain (shoulder/neck and low back) in more than one-fourth of the respondents. Additionally two-thirds of the respondents had never had any ergonomics awareness training. Co-worker support and psychological work demands were found to be the strongest contributors of psychosocial risk factors towards pain/discomfort and psychological stress outcomes. Findings from this study highlight the influence of certain psychosocial traits of the Indian IT workplace on perceived WMSD outcomes. There is a need to develop and implement intervention strategies to address these factors that may help lower the risk of work-related musculoskeletal pain.
Introduction
The exponential growth of the information technology (IT) industry in India has been accompanied with a substantial increase in the reporting of workrelated musculoskeletal disorders (WMSDs). About 76% of computer professionals in India reported musculoskeletal pain and discomfort in various epidemiological studies [3, 24, 26] . In a recent study by Sharan et al. [23] , 70% of computer professional reported pain and discomfort during and shortly after completing work with computer along with numbness/tingling sensation and loss of hand strength. These studies support the theory that WMSDs have a multifactorial etiology, with physical work demands, psychosocial risk factors, and individual differences contributing significantly to the cause of the disorder [31] .
The pathophysiology of WMSDs due to physical risk factors, such as static work and awkward postures, has been investigated among Indian IT professionals [26] . However, the contributing effects of work-related psychosocial risk factors (that are prevalent in the IT industry in India) towards WMSD development remain unclear. Work-related psychosocial factors, often referred as work organizational factors, are defined as perceptions or belief of workers about the way their work environment is organized [6, 12, 27, 30] . Psychosocial factors, that are associated with job and organizational environment (e.g., intensified workload, social support), have shown to influence biomechanical demands and result in adverse muscular and cardiovascular load [17, 21] . However, only a few studies have reported associations between psychosocial factors prevalent in Indian work culture to musculoskeletal discomfort [4, 23] . Furthermore, limited information is available that demonstrates direct association of WMSD outcomes due to psychosocial factors specifically among the Indian IT professionals.
Various questionnaires have been developed to evaluate and quantify psychosocial factors within specific occupations. For example, the Workstyle questionnaire quantifies worker's behavioral, physiological, and cognitive responses to a perceived high level of workload [9] . Several other questionnaires have been developed to assess workload, such as the NASA Task Load Index (NASA TLX) [11] and the Subjective Workload Assessment Technique (SWAT) questionnaires [22] .
Specifically, the SWAT questionnaire consists of three dimensions, time load, mental effort, and psychological stress, which indicate the level of time pressure, mental workload, and stress associated with a given task. In order to evaluate musculoskeletal disorders, separate scales, such as the Borg CR10 scale, have been used to quantify pain/discomfort in localized joints or muscle sites [5] . Perceived pain or discomfort have been associated with increased prevalence of musculoskeletal disorders, and are thus often considered as perceived WMSD outcomes [7] .
The Job Content Questionnaire (JCQ) focuses on quantifying the perception of psychosocial environment [14] . This questionnaire was developed from the need to identify work-related risk factors based on the job demand-control (job strain) model, developed by Karasek [13] . According to this model, high job demands, lower decision latitude, and low social support at work place workers at higher work stress (i.e., deteriorating psychological well-being) and increased risk of cardiovascular diseases. The JCQ consists of 49 items distributed across several scales: skill discretion, decision authority, psychological work demands, physical exertion, social support, and co-worker support. The JCQ scales has been previously employed to draw associations of psychosocial factors to cardiovascular diseases and WMSDs [1, 28] , and have shown good internal reliability (Cronbach's D > 0.70) for most scales [15] .
The JCQ has been internationally used to assess psychosocial job characteristics in different occupations [14] . However, only one study has employed the JCQ to assess psychosocial strains among Indian foundry shop floor workers [19] . The increasing focus on the development and expansion of the IT industry in India initiates a need for the JCQ to be employed to assess psychosocial strain on this working sector. The purpose of the current study was to identify and assess the contributions of prevalent psychosocial factors on perceived WMSD outcomes among IT professionals from India. The study employed the Job Content Questionnaire to identify psychosocial risk factors prevalent in IT professionals in India, and to quantify associations between these psychosocial risk factors and WMSD outcomes.
Methods
The data presented in this study were extracted from various IT professional in Bangalore, India who responded to a survey sent via email. An online survey set was distributed among 200 IT professionals; 77 complete responses were obtained. The survey set contained questions from the JCQ, the SWAT questionnaire, and pain/discomfort scales.
Measures
Perceptions of the psychosocial environment were obtained used six scales of the JCQ, namely skill discretion (six items), decision authority (three items), psychological work demands (eight items), physical exertion (one item), supervisor support (four items), and co-worker support (four items). The JCQ has been successfully tested among different nationalities and between several occupations [14] and was thus believed to provide good internal reliability for the various scales in the target population. Scoring of these scales were conducted using instructions provided in the JCQ User's Guide [13] . Demographic data were also obtained from the respondents, which included age, gender, duration of computer use, amount and duration of breaks, and desktop/laptop user.
WMSD outcomes
The psychological stress scale from the SWAT questionnaire was employed to assess work stress (anchors ranging from 0 = "little confusion, risk, frustration, or anxiety exists and can be easily accommodated", to 20 = "high to very intense stress due to confusion, frustration, or anxiety, with high to extreme determination and self-control required"), and pain/discomfort scales (measured using a 10-point scale ranging from 0 = "no pain/discomfort" to 10 = "extremely strong pain/discomfort") were employed to measure pain/discomfort in different body regions (hand/wrist, neck/shoulder, and upper/lower back) during and after work.
Data analysis
Prevalence of psychosocial risk factors, pain, and discomfort for the entire sample were determined using descriptive statistics. To analyze the relationship between demographic variables, psychosocial risk factors, and WMSD outcomes (i.e., pain and discomfort ratings), a non-parametric correlation analysis was performed between these items. Using step-wise regression, predictors of these WMSD outcomes were determined. Relevant non-parametric tests were employed wherever necessary. All statistical tests were considered significant when p<0.05.
Results

Demographic data
The average age of participants was 27.1 ± 4.3 years. Of the respondents, 66% were males. The average daily work hours was 8.57 ± 2.2 hours; 42% respondents used laptops and 25% respondents used desktops for their daily work activities. A majority (70%) of the respondents indicated that they took about 1-3 breaks daily, and 70% indicated that the cumulative duration of breaks per day (excluding lunch break) was from 0-30 minutes. 43% respondents reported minimal or no exercise, and only 5% respondents exercised almost daily. Of the 77 respondents, only 14% received any formal ergonomics training at their workplace. About 23-36% of the respondents used chairs that they felt were "ergonomically" comfortable or arm rest/supports that were at comfortable height. Furthermore, only about 7-10% respondents used additional wrist support for keyboard or mouse pad or any special ergonomic keyboards, such as the split keyboard.
About 29% respondents indicated that they were suffering from previous health issues; specifically back pain (n = 14) and shoulder/neck pain (n = 5). Mean pain/discomfort and psychological stress scores indicated by respondents for various body parts "during" and "after" work are illustrated in Figure 1 . 
Associations between WMSD outcomes and demographic variables
Non-parametric correlation analyses (Table 2) revealed that gender was significantly correlated with work stress (r = 0.292, p = 0.013) and existing health problems was significantly associated with increased pain/discomfort score during work for neck/shoulder (r = -0.216, p = 0.038). A paired-t test revealed that females reported higher perceptions of work stress compared to males (p = 0.009). No other demographic variable was significantly associated with pain and stress scores.
Associations between WMSD outcomes and JCQ categories
In general, all categories of the JCQ (except decision authority) were significantly correlated to work stress score (Table 2 ). Increased psychological demands and physical exertions were associated with increased perception of work stress (psychological demand: r = 0.368, p < 0.0001; physical exertion: r = 0.284, p = 0.005). Higher work stress was also associated with lower skill discretion (r = -0.279, p = 0.006) at work and limited supervisor support (r = -0.224, p = 0.031).
Pain/discomfort scores (during and after work) of the three different body parts were significantly correlated to three JCQ categories, namely, physical exertion, supervisor support, and co-worker support (Table 2) . Increased physical exertion, and limited support from co-workers and supervisor were associated with higher pain/discomfort scores during and after work for all body parts (hands/wrist, neck/shoulder, and upper/lower back).
Predictors of WMSD outcomes
In order to better explore the relationship between work and environment factors and WMSD outcomes, a step-wise multiple regression analysis was performed. Demographic variables (such as gender, age, daily work hours, number/duration of breaks, and existing health problems) and the six JCQ categories were used to predict pain/discomfort and work stress scores. Results are presented in Table 3 . In general, the most important predictor of WMSD outcomes was co-worker support. Decision authority and psychosocial demands were also found to be important predictors of pain/discomfort scores during work and work stress. Demographic variables (gender, age, frequency of breaks, and existing health problems) were found to be significant predictors of pain/discomfort scores after work. Finally, almost all JCQ categories were found to be strong predictors of work stress. It is of interest to note that supervisor support was not found to be a significant predictor for most pan/discomfort scores and work stress. 
Discussion
The purpose of the study was to identify and assess the contributions of prevalent psychosocial factors on perceived WMSD outcomes among IT professionals from India. The findings suggest prevalence of existing pain (shoulder/neck and low back) in more than one-fourth of the respondents. Of all the scales of JCQ, co-worker support was the strongest (and most consistent) predictor of pain/discomfort scores and psychological stress.
Psychological stress was strongly correlated to all JCQ scales (except decision authority). The results suggest a greater association between psychosocial risk factors and WMSD outcomes than physical demands. Thus, it is important to include multiple dimensions of demand (i.e., physical, organizational, psychological) when assessing worker health and well being in different occupations.
To date, this is one of the few studies that employed the JCQ to assess psychosocial strains in an Indian population. Mohan et al. [19] reported a greater influence of hazardous working conditions and limited decision making authority on work strain in Indian foundry shop floor workers. The difference in the work demands (both physical and psychosocial) between the occupational settings in their study to the current study is argued to drive differences between the outcomes. The information technology work culture is a representation of modern office, with a greater influence of the American work culture characterizing the IT culture. It is not surprising, as the IT companies prevalent in India are international branches of the American counterparts.
One of the major predictors of WMSD outcomes obtained in this study was limited co-worker support. Work support has been shown to moderate the effects of stress [10] and result in enhanced performance at work [20] . A recent study by Surana et al. [25] demonstrated an inverse relationship between social support and job burnout among call center workers in India. Unlike this study, the current study did not observe a strong relationship between supervisor support and psychological stress. It may be possible that the respondents were reluctant to answer the question items related to supervisor support.
Lack of decision authority and skill discretion and increased psychological demands were found to influence pain/discomfort and psychological stress scores. These findings are consistent with previous studies where workers were constrained at their jobs with respect to making decisions or learning new things [19] . Furthermore, increased psychological demands can result in gradual strain leading to musculoskeletal symptoms and pain [18] . Psychosocial risk factors can influence musculoskeletal pain by: 1) varying biomechanical demands associated with the job, 2) increasing awareness of pain symptoms, or 3) adversely affecting physiological attempts at recov-ery. These mechanisms may be potentially explained by physiological pathways such as increased muscle tension [17] , altered joint kinematics [8] , interference with blood flow and energy metabolism [29] , and changes in blood catecholamine levels [16] .
Of most of the demographic variables, only gender and existing health problems were correlated to pain/discomfort and psychological stress scores. However, it is of interest to note that about two-thirds of the respondents had never had any ergonomics awareness training. This can be explained, in parts, to the lack of existing work-related health standards in India (specifically for modern office). Additionally, respondents indicated that they worked about 9 hours daily, with a maximum of 30 minutes breaks in between. Moreover, the frequency of these breaks ranged from 1-3 breaks daily. Existing research findings suggest that frequent small breaks are more beneficial in relieving localized muscular fatigue when compared to infrequent longer breaks [2] . Interventions such as these should thus be incorporated to relieve any pain/discomfort during work, and greater emphasis should be placed on conducting organization-wide ergonomics training.
One of the limitations of this study is the low sample size. However, this was a first attempt at employing the JCQ to the IT industry among Indian professionals. Results from this pilot is expected to fuel a larger study design, which will focus on deriving subjective and physiological correlates of work stress among IT professionals in India. In conclusion, findings from this study highlight the influence of certain psychosocial traits of the Indian IT workplace on WMSD outcomes. Intervention strategies can be designed and implemented to address these factors that may help lower the risk of work-related musculoskeletal pain.
